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We report results of Raman and x-ray photoemission spectroscopy (XPS) measurements of the
YBazCu3 Zn 07 and Er& ~Pr~BazCu307 systems. No appreciable changes were observed for
YBa&Cu3 „Zn„07in either measurement. On the other hand, Raman frequencies of Ba and apical oxy-
gen (0,) modes increase and the binding energies of Ba core levels show an increasing trend as y in-

creases in Er& „Pr~Ba&Cu307. Results for Er, ~Pr~Ba&Cu307 are consistent with our prevous work for
Pr-doped 1:2:3superconductors and can be explained in terms of hole localization at Ba sites. Our ex-
perimental results indicate that the suppression mechanism in the YBa&Cu3 „Zn 07 system is different
from that in the Er& ~Fr~ Ba&Cu307 system.

I. INTRODUCTION

Since the discovery of a particular class of high-
temperature superconductors by Bednorz and Muller, '

there have been numerous experimental and theoretical
studies on these materials. These studies include a sub-
stantial number of Raman and x-ray photoemission spec-
troscopy (XPS) investigations. Such studies could prove
to be informative since vibrational spectroscopy is a sen-
sitive probe for changes in crystal structure and XPS for
changes in electronic structure. These changes seem to
play an important role in determining the superconduc-
tivity of high-temperature superconductors.

We report Raman and XPS measurements on well-
characterized YBazCu3 Zn„07 (x =0.0, 0.025, 0.06,
0.09, hereafter Y-Zn 1:2:3) and Er, Pr BazCu307
(y =0.0, 0.1, 0.2, 0.3, 0.4, hereafter Er-Pr 1:2:3)systems.
The superconducting transition temperature T, of both
systems is known to be suppressed as x (Ref. 6) and y
(Ref. 7) increase, respectively. However, the suppression
mechanism in both systems is not clearly understood yet.
The specific reason that we choose these systems is ex-
plained in the following paragraphs. In this paper, we
would like to compare the substitution effects in (1:2:3)-
type superconductors by Zn for Cu sites and by Pr for Y
sites.

The substitution of Cu in YBazCu307 (Y 1:2:3)by the
transition metal elements systematically suppresses T„
regardless of magnetic characters of the substituted ions.
In particular, substitution by Zn suppresses T, most.
The divalent Zn ion is nonmagnetic and believed to occu-
py the Cu(2) site at low concentration. 9 Several mecha-

nisms have been proposed for the suppression of T, in-
cluding disordering of the CuOz planes' and increasing
hole concentration.

Also the effects of the substitution of Y sites in (1:2:3)-
type superconductors have been studied systematically
for all rare-earth elements. Among (L)1:2:3,which has
the same structure as Y 1:2:3,where L is a lanthanide ele-
ment, only Pr 1:2:3 is not superconducting. Thus Pr
1:2:3 has been studied widely with the hope of under-
standing better the mechanism of superconductivity.
Y& „Pr„BazCu307(Y-Pr 1:2:3) is a solid solution that
has the same structure as Y 1:2:3,yet T, is suppressed as
the Pr concentration increases. The mechanism for
suppression of superconductivity in this compound is still
in debate. In our previous paper, the Ba core-level shifts
have been reported in XPS measurements on the Y-Pr
1:2:3 system. " Raman measurements on the Y-Pr 1:2:3
system showed that the Ba and 0, modes shifted to
higher frequencies. ' From these shifts we suggested that
holes may become localized at Ba sites as the Pr concen-
tration increases in Y-Pr 1:2:3.'

In this study, we want to compare Y-Zn 1:2:3and Er-
Pr 1:2:3 systems. The former has disturbance in CuOz
planes, the latter has disturbance in the Y sites of (1:2:3)-
type superconductors. Thereby, we would like to find out
whether there is a difference in the mechanism for
suppression of superconductivity of both systems. The
reason that we choose Er-Pr 1:2:3is that the Er + ion has
stronger magnetic moment (p,&=9.5pz) than the Pr
ion (p,fr=3. 5p~ ), yet Er-Pr 1:2:3 shows similar suppres-
sion behavior as Y-Pr 1:2:3. We want to observe the Ra-
man and XPS spectra of Er-Pr 1:2:3to see if there is simi-
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lar behavior as in Y-Pr 1:2:3.
In brief, we could not observe any change in Raman

and XPS of Y-Zn 1:2:3 samples. As Zn replaces Cu in
the plane, it is possible that the B,s mode ( —340 crn ')
and 2, mode ( -430 cm ') of plane oxygens show
changes in their Raman frequencies. However, these two
modes are quite broad so that we were unable to resolve
any change in the frequency. For the Er-Pr 1:2:3system
on the other hand, we observed increases in the Raman
frequency of the apical oxygen (0, ) stretching mode.
The XPS spectra of the Er-Pr 1:2:3system show that the
binding energies of Ba 3d and 4d lines of the 1:2:3phase
increase as the Pr concentration increases. These obser-
vations for Er-Pr 1:2:3are quite similar to those for Y-Pr
1:2:3despite the differences in the relative strength of the
magnetic moment of Y-site ions in the (1:2:3)-type super-
conductors. We conclude that the suppression mecha-
nism in Er-Pr 1:2:3 is the same as in Y-Pr 1:2:3and can
be explained within the frame of the hole-localization
scheme suggested for the Y-Pr 1:2:3and Eu-Pr 1:2:3sys-
tems. Results of our experiments point out that the
suppression mechanism in the Y-Zn 1:2:3system may not
be the same as that in Pr-substituted (1:2:3)-type super-
conductors.

II. EXPERIMENT

The YBazCu3 „Zn 07 (x =0.0, 0.025, 0.06, 0.09) and

Er, Pr~Ba2Cu307 (y =0.0, O. l, 0.2, 0.3, 0.4) samples in

our studies were prepared by the solid-state reaction
method. Stoichiometric amounts of high-purity oxide
powders were well mixed, pressed into pellets, and heated
at 930'C for 40 h in air, followed by annealing at 750'C
and 550'C in Rowing oxygen each for 12 h. The samples
were then cooled slowly in the furnace to room tempera-
ture. The resultant pellets were reground thoroughly and
the forementioned procedure was repeated two times.
The x-ray-powder-diffraction patterns showed that all
samples were of orthorhombic structure with little im-

purity. The measured lattice parameters are tabulated in

Table I for both sample systems. The values for oxygen
contents of YBa2Cu3 Zn 07 compounds were mea-
sured, after x-ray-powder-diffraction measurements, by
the iodometric titration method and found to be
6.90+0.03 for all samples. This indicates that substitu-
tion of Zn by Cu does not affect oxygen content
significantly. We have not included an analysis of the ox-
ygen content of Er-Pr 1:2:3compounds. It has been re-
ported by several groups that the Pr content does not
affect the oxygen content essentially in rare-earth 1:2:3.'
The transition temperature T, was determined from
resistivity measurements by the standard four-probe tech-
nique using a high-precision I.CR meter at a frequency of
23 Hz. Values of T, determined by the midpoints of the
resistivity data and the 10—90%%uo resistivity transition
widths b, T, are also in Table I.

The microscopic Raman measurements were per-
formed at room temperature using a Jobin Yvon U1000
double monochromator in a back-scattering geometry.
The spectra were excited with an argon-ion laser operat-
ing at 514.5 nm and 4gg. O nm wavelengths. The laser
beam was focused onto a selected single crystal embedded
in a freshly fractured surface of the ceramic samples.
The incident laser beam was linearly polarized, and the
intensity of the Raman-scattered light was analyzed in
the same polarization of the incident beam. The spec-
trometer slit widths were 500 pm, which corresponds to a
resolution of 2 cm ' over the spectral range of interest.
The Raman measurements were repeated several times at
different crystallites of the sample to assure the reliability
of our results. The spectra were taken over the range
100—700 cm ', scanning at 1.0 cm ' step size with a
time constant of 1 s. Care was taken not to heat the crys-
tallites with the excessive power of the laser beam. The
beam power of less than 1 mW was focused onto an area
of0 3X10 ' m .

The XPS measurements were done with the ESCA sys-
tem manufactured by VSW Scientific Instruments in Eng-
land, which is composed of three sectors of introduction,
preparation, and main-analysis chambers. It is equipped

TABLE I. The lattice parameters determined by x-ray-powder diffraction, and the superconducting
transition temperatures (T, ) and the 10—90%%uc transition widths (hT, ) determined by electrical resis-
tivity measurements for (a) YBa2Cu3 Zn„07and (b) Er, y Pry Ba2Cu307 samples.

(a)

0.0
0.025
0.06
0.09

a (A)

3.8201+0.0003
3.8240+0.0003
3.8188+0.0003
3.8210+0.0003

b (A)

3.8853+0.0004
3.8902+0.0004
3.8877+0.0005
3.8857+0.0003

c(A)
11.6893+0.0013
11.6940+0.0012
11.6665+0.0018
11.6897+0.0011

T, [AT, ] (K)

90.0[2.0]
73.5[6.3]
65.0[6.4]
52.8 [8.0]

a (A) j) (A)
(b)

c(A) T, [AT, ] (K)

0.0
0.1

0.2
0.3
0.4

3.8321+0.0016
3.8345+0.0008
3.8369+0.0017
3.8432+0.0020
3.8448+0.0014

3.9118+0.0041
3.9167+0.0054
3.9174+0.0045
3.9172+0.0053
3.9190+0.0039

11.7370+0.0032
11.7581+0.0008
11.7499+0.0036
11.7406+0.0041
11.7528+0.0030

90.8 [0.7]
83.5 [1.8]
70.5[2.1]
55.0[4.3]
41.2 [5.6]
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YBaZCl13 —xZnxo7 Er~-yPryBazCu307

784 782 780 778 776 774

Binding Energy (eV)

FIG. 3 ~ XPS spectra of the Ba 3d5&2 for YBa2Cu3 Zn 07
(x =0.0, 0.025, 0.06, 0.09). Thick dots represent the raw data
after subtraction of the inelastic background and the solid and
dotted lines show the fitted results.

the Ba 3d~&2 spectra for each composition as shown in
the figure. The FWHM of the Gaussian function due to
the instrumental resolution was determined by fitting
standard core-level peaks such as Ag 4f, &g 3d, and Cu
Zp of pure metals, whose intrinsic lifetime widths and
singularity parameters are well known. ' The higher
binding energy peak of the Ba 3d~&2 shown in Fig. 3 ori-
ginated from the nonsuperconducting phases such as
BaCO3, BaO, etc. , which mainly reside on the surface of
intrinsic superconducting granules. Its absolute binding
energy is 779.5 eV, which is nearly the same as those of
many literatures. ' ' The other component at the lower
binding-energy side is due to the intrinsic superconduct-
ing phase which includes the intrinsic surface component
contributed from Ba atoms on the outermost layer, and
the intrinsic bulk component from Ba atoms in the inner
layers. ' ' In the least-square fit, we fixed the line shapes
of the extrinsic and intrinsic peaks, and changed the
binding energies and the intensities of the two peaks. We
have listed the binding energies of Ba 3d5&2 for the intrin-
sic component of Y-Zn 1:2:3in Table II. The error in the
absolute values of them is estimated to be within +0. 1

eV. We can see that there are hardly any changes in
these spectra independent of the composition.

The spectra of Ba 3d5&2 of Er-Pr 1:2:3 are shown in
Fig. 4. In contrast to the case of Y-Zn 1:2:3 discussed

.4

l . I I t l

784 782 780 778 776 774
Binding Energy (ev)

FIG. 4. XPS spectra of the Ba 3d, &2 for Er& ~Pr~Ba2Cu307
(y =0.0, 0.1, 0.2, 0.3, 0.4). Thick dots represent the raw data
after subtraction of the inelastic background and the solid and
dotted lines show the fitted results.

above, we see a trend where core level of the intrinsic
phase moves to a higher binding-energy side as y in-
creases. To see this trend quantitatively, we have fitted
the Ba 3d5&2 spectra as before. We then determined the
binding energies of the intrinsic component of the Ba
3d»2 for each composition of the Er-Pr 1:2:3 system,
whose values are listed in Table III for comparison with
those in Table II. A weak third component had to be in-
troduced in the fit for the y =0.3 and 0.4 samples in or-
der to keep consistency with the fitting of Ba 4d spectra
(not shown). The component was negligible in the fit for
other samples. This component seems to be from a minor
amount of the Ba(OH)2 impurity phase. However, in-
troduction of the third component should not affect the
above results.

IV. DISCUSSION

We could not observe any change in Raman spectra
and XPS of Y-Zn 1:2:3 samples. As Zn replaces Cu in
the Cu02 plane, it is possible that the B, mode ( —340
cm ') and A i mode ( —430 cm ') of plane oxygens

TABLE II. Binding energies of the intrinsic Ba 3d5&z peaks
for YBa2Cu3 „Zn 07 (x =0.0 0.025, 0.06, 0.09). The error in
their values is within +0. 1 eV.

TABLE III. Binding energies of the intrinsic Ba 3d5&2 peaks
for Er& ~Pr~Ba&Cu307 (y =0.0, 0.1, 0.2, 0.3, 0.4). The error in
their values is within +0. 1 eV.

Ba 3d5y2

0.0

777.5

0.025

777.5

0.06

777.5

0.09

777.7 Ba 3d5y2

0.0

777.9

0.1

777.7

0.2

778.0

0.3

778.2

0.4

778.2
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show changes in Raman frequencies. However, these two
modes are quite broad that we were unable to resolve any
change in the Raman frequency. Especially the Cu mode
near 150 cm ' was examined carefully and did not show
any change. It could be argued that the maximum con-
centration of Zn tried in this work, 3 mole% of Cu, is
simply too small to affect Raman spectra. Although this
is quite plausible because of chemical and physical simi-
larly between Cu and Zn ions, 3 mole% of Zn substitu-
tion for Cu is significant and comparable to 30 mole % of
Pr substitution for Er in 1:2:3 superconductors as far as
the suppression of the superconducting transition tern-
perature is concerned (Table I). And we were rather in-
terested in the effects of Zn substitution on Ba and 0,
Raman modes in Y-Zn 1:2:3superconductors.

On the other hand, Raman results of the Er-Pr 1:2:3
show an increase in frequency of the 0, mode with in-
creasing Pr concentration. Similar behavior of the 0,
mode was observed in the Y-Pr 1:2:3 system, where the
Cu(1)-O, bond length gets longer as the Pr concentration
increases. ' XPS results of the Er-Pr 1:2:3 show an in-
creasing trend in binding energy of the Ba 3d core level
with increasing Pr concentration. Both observations in
Er-Pr 1:2:3 are similar to those for the Y-Pr 1:2:3 and
Eu-Pr 1:2:3systems. ' ' Suppression of superconductivi-
ty occurs regardless of the relative magnitude of the mag-
netic moment of the Y-site ions replaced by Pr, indicating
that the suppression may not be of magnetic origin as
suggested by others. '

Superconductivity disappears at a larger concentration
of Pr in the Y-Pr 1:2:3 than in Eu-Pr 1:2:3,' in which
Eu-ion size is larger than Y-ion size. That is, the size of
the cage consisting of the two nearest Cu02 planes is
larger for Eu 1:2:3than for Y 1:2:3. Yet the effect of Pr
substitution in suppression of superconductivity is
stronger in Eu 1:2:3 than in Y 1:2:3. From these facts,
suppression of superconductivity does not seem to corre-
late with mixing of the Pr 4f level with the Cu02 plane.
Our argument contradicts that of Xu and Guan.

However, the shifts of the Ba core levels and the fre-
quency increases of the 0, and Ba Raman mode do
correlate with suppression of superconductivity in the
Pr-doped 1:2:3systems. Thus, we believe that these shifts
reAect changes in Ba-0 overlap in the initial state. The
shifts of the Ba core levels are considered to be due to an
increase of localized holes with Ba Sd character as the Pr
doping increases in Er-Pr 1:2:3systems. "' The frequen-
cy increases of the 0, and Ba Raman modes of the Er-Pr
1:2:3 system imply that the Ba-0 bond gets hardened as

the Pr concentration increases. ' ' We conjecture that,
as Pr concentration increases in the Er-Pr 1:2:3 system,
charges are transferred from a Ba-0 molecular band of
strong Ba Sd character to a Ba-0 bonding band such as
Ba 6s —0 2p. ' This could result in effective hole localiza-
tion at Ba sites in the Pr-doped 1:2:3superconductors.

In summary, we have measured Raman spectra and
XPS of YBazCu3 „Zn 07 (x =0.0, 0.025, 0.06, 0.09) and
Er, Pr BazCu307 (y =0.0, 0.1, 0.2, 0.3, 0.4) systems.
For YBa2Cu3 Zn 07, no appreciable changes were ob-
served. On the other hand, Ba and 0, Raman frequen-
cies increase and the binding energies of Ba core levels
shift to higher values as y increases in
Er] y PIy Ba2CU307 Results of our experiments point
out that the suppression mechanism in the Y-Zn 1:2:3
system may not be the same as that in Pr-doped 1:2:3sys-
tems. We conclude that the suppression mechanism in
Er-Pr 1:2:3 is the same as that in Y-Pr 1:2:3and can be
explained within the frame of the hole-localization
scheme suggested for the Y-Pr 1:2:3and Eu-Pr 1:2:3sys-
tems. ' The Ba-0 plane may play an important role in
determining superconductivity via charge transfer be-
tween the Cu02 plane and the Cu-0 chain. It has been
suggested that the Ba-0 planes may play a role as charge
reservoirs, which control the charge states of the Cu02
planes.

Recently, we noticed that Cohen et al. reported no
change in binding energies of Ba core levels in their XPS
measurements on Y-Pr 1:2:3samples annealed in oxygen
in situ. However, it is known that annealing at high tem-
peratures segregates surface components that are
different from the bulk phase, even though it cleans out
an impurity phase such as BaC03. In the case of anneal-
ing in oxygen, an oxygen-rich surface phase might occur
due to a surface barrier for oxygen indiffusion. Their
value of binding energy of Ba 3d5&2 (779.2 eV), which is
higher than ours ( —777.7 eV), seems to support our
point of view.
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